INTRODUCTION
The unusual properties of the normal state of hightemperature superconductors have been attracting attention for a long time. In describing these properties, which are well beyond the standard Fermi liquid theory, the notion of a strongly correlated liquid has emerged (see, e.g., [1, 2] ). Later on, angle-resolved photoemission studies revealed unusual properties observed in underdoped samples, with the leading edge gap discovered up to the temperature T * > T c . This behavior is interpreted as coming from the pseudogap formation; it was observed in a number of underdoped compounds such as YBa 2 Cu 3 O 6 + x , Bi 2 Sr 2 CaCu 2 O 8 + δ , etc. As T increases above T *, the pseudogap closes, leading to a large Fermi surface and an extremely flat dispersion in electronic spectra, which is called the extended Van Hove singularity [3] [4] [5] [6] [7] . A break in the quasiparticle dispersion observed near 50 meV results in a drastic change in the quasiparticle velocity [8] [9] [10] . This behavior is definitely different from what one would expect from a normal Fermi liquid.
A correlated liquid can be described in conventional terms, assuming that the correlated regime is related with the noninteracting Fermi gas by adiabatic continuity. This is done in the well-known Landau theory of the normal Fermi liquid, but the question arising at this point is whether this is possible. Most likely, the answer is negative. To tackle the above-mentioned problems, we consider a model where a strongly correlated liquid is separated from the conventional Fermi liquid by a phase transition related to the onset of FC [11, 12] . The purpose of our paper is to show that, without any adjustable parameters, a number of fundamental problems of strongly correlated systems are naturally explained within the model. The paper is organized as follows. In Section 2, we consider the general features of Fermi systems with FC. In Section 3, we show that the pseudogap behavior can be understood within the standard BCS superconductivity mechanism provided the appearance of FC is taken into account. In Section 4, we analyze the condensation energy that is liberated when the system in question undergoes the superconducting phase transition superimposing on the FC phase transition. In Section 5, we describe the quasiparticle dispersion and line shape. Finally, in Section 6, we summarize our main results.
THE MAIN FEATURES OF LIQUIDS WITH FC
We first consider the key points of FC theory. FC is related to a new class of solutions of the Fermi liquid theory equation [13] Abstract -A model of a strongly correlated electron liquid based on fermion condensation (FC) is extended to high-temperature superconductors. Within our model, the appearance of FC presents a boundary separating the region of a strongly interacting electron liquid from the region of a strongly correlated electron liquid. We study the superconductivity of a strongly correlated liquid and show that, under certain conditions, the superconductivity vanishes at temperatures T > T c ≈ T node , with the superconducting gap being smoothly transformed into a pseudogap. As a result, the pseudogap occupies only a part of the Fermi surface. The gapped area shrinks with increasing the temperature and vanishes at T = T *. The single-particle excitation width is also studied. The quasiparticle dispersion in systems with FC can be represented by two straight lines, characterized by the effective masses and , intersecting near the binding energy that is on the order of the superconducting gap. It is argued that this strong change of the quasiparticle dispersion upon binding can be enhanced in underdoped samples because of strengthening the FC influence. The FC phase transition in the presence of the superconductivity is examined, and it is shown that this phase transition can be considered as driven by the kinetic energy. for the quasiparticle distribution function n ( p , T ) depending on momentum p and temperature T . Here F is the free energy, µ is the chemical potential, and ε ( p , T ) = δ E / δ n ( p , T ) is the quasiparticle energy, which is a functional of n ( p , T ) just like energy E and the other thermodynamic functions. Equation (1) is usually represented as the Fermi-Dirac distribution (2) In a homogeneous matter and at T = 0, one obtains from Eq. (2) 
, where p F is the Fermi momentum and is the commonly used effective mass [13] , (3) It is assumed to be positive and finite at the Fermi momentum p F . This implies the T -dependent corrections to , the quasiparticle energy ε ( p ), and the other quantities start with T 2 -terms. However, this solution of Eq. (1) is not the only one possible. There exist "anomalous" solutions of Eq. (1) associated with so-called fermion condensation [11, 14, 15] . Being continuous and satisfying the inequality 0 < n ( p ) < 1 within some region in p , such a solution n ( p ) admits a finite limit for the logarithm in Eq. (1) as T 0, yielding
Equation (4) is used in searching for the minimum value of E as a functional of n ( p ) under the assumption that a strong rearrangement of the single-particle spectrum can occur. We see from Eq. (4) that the occupation numbers n ( p ) become variational parameters: the solution n ( p ) exists if energy E is decreased by alteration of the occupation numbers. Thus, within the region p i < p < p f , the solution n ( p ) deviates from the Fermi step function n F ( p ) such that the energy ε ( p , T ) stays constant, while n ( p ) coincides with n F ( p ) outside this region. As a result, the standard Kohn-Sham scheme for single-particle equations is no longer valid beyond the FC phase transition point [16] . This behavior of systems with FC is clearly different from what one expects from the well known local density calculations; therefore, these calculations are not applicable to systems with FC. On the other hand, the
quasiparticle formalism is applicable to this problem, because as we see in what follows, the damping of single-particle excitations is not large compared to their energy [15] . It is also seen from Eq. (4) that a system with FC has a well-defined Fermi surface. It follows from Eq. (1) that at low T, new solutions within the interval occupied by the fermion condensate have the spectrum ε(p, T) that is linear in T [15, 17] , (5) Here, T f is the quasi-FC phase transition temperature above which FC effects become insignificant [15] , (6) where M is the bare electron mass, Ω FC is the condensate volume, ε F is the Fermi energy, and Ω F is the volume of the Fermi sphere. One can imagine that the dispersionless plateau ε(p) = µ given by Eq. (4) is slightly tilted counter-clockwise about µ and rounded off at the end points. If T Ӷ T f , it follows from Eqs. (1) and (5) that the effective mass related to FC is temperature dependent,
